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thin film and an organic thin film that are stacked alternately,
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cach other are arranged between at least two adjacent thin
films of the packaging layer.
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FLEXIBLE DISPLAY PANEL, AND DISPLAY
DEVICE HAVING THIN FILM PACKAGING

LAYER WITH PROTRUSIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the U.S. national phase of PCT Appli-
cation No. PCT/CN2019/110758 filed on Oct. 12, 2019,
which claims priority to Chinese Patent Application No.
201821801419.7 filed on Nov. 2, 2018, which are incorpo-

rated herein by reference 1n their entireties.

TECHNICAL FIELD

The present disclosure relates to the field of display
technology, 1n particular to a tlexible display panel, a method
for packing the same, and a display device.

BACKGROUND

L]

Currently, flexible organic light emitting diode (OLED)

display panels are generally packaged with thin films.

SUMMARY

A technical problem to be solved by the present disclosure
1s to provide a flexible display panel and a display device,
which are capable of improving the packaging effect of the

flexible display panel, effectively blocking the mvasion of
water and oxygen, and increasing the service life of the
flexible display panel.

To solve the above technical problems, the embodiments
of the present disclosure provide technical solutions as
follows.

An embodiment of the present disclosure provides a
flexible display panel including: a flexible substrate; a
display element arranged on the flexible substrate; and a
packaging layer covering the display element, the packaging,
layer including an inorganic thin film and an organic thin
film that are stacked alternately, in which two protrusion
structures that are engaged with each other are arranged
between at least two adjacent thin films of the packaging
layer.

Optionally, the protrusion structure includes a plurality of
protrusions arranged 1n an array.

Optionally, a longitudinal section of each protrusion per-
pendicular to the flexible substrate 1s a semi-ellipse, a
semi-circle, or a trapezoid.

Optionally, the packaging layer includes a first inorganic
thin film, an organic thin film, and a second 1norganic thin
film that are stacked sequentially.

Optionally, a first protrusion structure and a second pro-
trusion structure that are engaged with each other are
arranged between the first inorganic thin film and the organic
thin film.

Optionally, the first protrusion structure and the first
inorganic thin film are of an integrated structure.

Optionally, a third protrusion structure and a fourth pro-
trusion structure that are engaged with each other are
arranged between the organic thin film and the second
inorganic thin film.

Optionally, the third protrusion structure and the organic
thin {ilm are of an integrated structure.

Optionally, the display element 1s an OLED display
clement.
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An embodiment of the present disclosure also provides a
display device including the flexible display panel as
described above.

An embodiment of the present disclosure also provides a
method for packaging a flexible display panel including:
alternately depositing an inorganic thin film and an organic
thin film on a display element arranged on a flexible sub-
strate to form a packaging layer covering the display ele-
ment, and forming two protrusion structures that are
engaged with each other between at least two adjacent thin
films of the packaging layer.

Optionally, the alternately depositing the 1norganic thin
film and the organic thin film includes: sequentially depos-
iting a first morganic thin film, depositing an organic thin
film, and depositing a second inorganic thin film.

Optionally, the forming two protrusion structures that are
engaged with each other between at least two adjacent thin
films of the packaging layer further includes: depositing a
first protrusion structure on the first inorganic thin film.

Optionally, the depositing the first mnorganic thin film
includes: depositing a first 1norganic thin film integrated
with the first protrusion structure on the display element
arranged on the flexible substrate.

Optionally, the forming two protrusion structures that are
engaged with each other between at least two adjacent thin
films of the packaging layer further includes: depositing a
third protrusion structure on the organic thin film.

Optionally, the depositing the organic thin film includes:
depositing an organic thin film integrated with the third
protrusion structure on the first inorganic thin film.

Embodiments of the present disclosure have the following
advantageous ellects.

In the above solutions, two protrusion structures that are
engaged with each other are arranged between at least two
adjacent thin films of the packaging layer. The two protru-
s10n structures that are engaged with each other are capable
ol increasing the bite force between two adjacent thin films,
so that the tightness between the two adjacent thin films
increases. This arrangement solves the problem that the
inorganic thin film and the organic thin film are prone to film
separation during bending, which 1s capable of improving
the packaging eflect of the flexible display panel, effectively
blocking the invasion of water and oxygen, and increasing
the service life of the flexible display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing the forming a first
protrusion structure on a first morganic thin film according
to an embodiment of the present disclosure.

FIG. 2 1s a schematic view showing the forming a third
protrusion structure on an organic thin film according to an
embodiment of the present disclosure.

FIG. 3 1s a schematic view showing a cross section of a
flexible display panel according to an embodiment of the
present disclosure.

FIGS. 4 and 35 are schematic views showing a method for
packaging a flexible display panel according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

In order to make the technical problems to be solved, the
technical solutions, and the advantages of the embodiments
of the present disclosure, the present disclosure will be
described heremafter 1n conjunction with the drawings and
specific examples.
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Flexible organic light emitting diode (OLED) display
panels are generally packaged with thin films, and the
packaging layer includes an inorganic thin film and an
organic thin film that are stacked alternately. Inorganic thin

[

films are relatively dense and are capable of effectively
blocking water and oxygen from invading OLED devices,
however, there are film stresses in the inorganic thin film,
which 1s prone to cracking and peeling during bending and
folding. The mnorganic thin film needs a certain thickness to
cllectively block water and oxygen, but the increase 1n
thickness also increases the stress of the morganic thin film,
so that the thin film 1s more prone to cracking and peeling
during bending and folding. An organic thin film may solve
this problem, but when the flexible OLED display panel 1s
bent, the inorganic thin film and the organic thin film are
prone to being separated, thereby causing the failure of the
packaging layer.

For the problem that when the flexible OLED display
panel 1s bent, the mnorganic thin film and the organic thin film
are prone to being separated, thereby causing the failure of
the packaging layer in the related art, the embodiments of
the present disclosure provide a tlexible display panel and a
display device, which are capable of improving the pack-
aging eflect of the tlexible display panel, effectively block-
ing the invasion of water and oxygen, and increasing the
service life of the flexible display panel.

An embodiment of the present disclosure provides a
flexible display panel including: a flexible substrate; a
display element arranged on the flexible substrate; and a
packaging layer covering the display element, the packaging
layer including an inorganic thin film and an organic thin
film that are stacked alternately, in which two protrusion
structures that are engaged with each other are arranged
between at least two adjacent thin films of the packaging
layer.

In this embodiment, two protrusion structures that are
engaged with each other are arranged between at least two
adjacent thin films of the packaging layer, and the two
protrusion structures that are engaged with each other are
capable of increasing the bite force between two adjacent
thin films, so that the tightness between the two adjacent thin
films increases. This arrangement solves the problem that
the 1norganic thin film and the organic thin film are prone to
film separation during bending, which 1s capable of improv-
ing the packaging eflect of the flexible display panel, eflec-
tively blocking the mnvasion of water and oxygen, and
increasing the service life of the flexible display panel.

Optionally, the protrusion structure includes a plurality of
protrusions, and each protrusion may be arranged regularly
or irregularly. Optionally, the protrusion structure includes a
plurality of protrusions arranged 1n an array.

Optionally, the longitudinal section of the protrusion
perpendicular to the flexible substrate may be a semi-ellipse,
a semi-circle, or a trapezoid. Of course, the longitudinal
section of the protrusion perpendicular to the flexible sub-
strate 1s not limited to a semi-ellipse, a semi-circle, or a
trapezoid, and may also be other shapes, such as rectangular.

The packaging layer 1s composed of multiple layers of
inorganic thin films and organic thin films that are stacked
alternately. The more layers the morganic thin films and the
organic thin films have, the better the packaging effect 1s, but
the thickness and cost of the flexible display panel also
increase at the same time.

Optionally, the packaging layer includes a first inorganic
thin film, an organic thin film, and a second 1norganic thin
film that are stacked sequentially, so that it not only ensures
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the packaging ellect of the packaging layer, but also makes
the thickness of the flexible display panel relatively small.

In some specific embodiments, a first protrusion structure
and a second protrusion structure that are engaged with each
other are arranged between the first inorganic thin film and
the organic thun film. The first protrusion structure can
increase the bite force between the first mnorganic thin film
and the organic thin film, so that the tightness between the
first tnorganic thin film and the organic thin film increases.
In this way, when the flexible display panel 1s bent, the
inorganic thin film and the organic thin film are not prone to
separation, which 1s capable of improving the packaging
cllect of the flexible display panel, effectively blocking the
invasion of water and oxygen, and increasing the service life
of the tlexible display panel.

Optionally, the first protrusion structure and the first
iorganic thin film are of an integrated structure, so that the
first protrusion structure and the first inorganic thin film can
be combined more closely. In addition, the material of the
first protrusion structure 1s same as the material of the first
inorganic thin film, which can play a role of blocking the
invasion of water and oxygen by the first inorganic thin film.
Theretore, there 1s no need to design the thickness of the first
inorganic thin film to be too thick, which may reduce the
thickness of the first inorganic thin film, thereby solving the
problem that the first inorganic thin film 1s prone to film
cracking due to its large thickness during bending.

In some specific embodiments, a third protrusion structure
and a fourth protrusion structure that are engaged with each
other are arranged between the organic thin film and the
second 1morganic thin film. The third protrusion structure can
increase the bite force between the second inorganic thin
film and the organic thin film, so that the tightness between
the second inorganic thin film and the organic thin film
increases. In this way, when the flexible display panel 1s
bent, the second 1mnorganic thin film and the organic thin film
are not prone to separation, which 1s capable of 1improving
the packaging eflect of the flexible display panel, effectively
blocking the invasion of water and oxygen, and increasing
the service life of the flexible display panel.

Optionally, the material of the third protrusion structure
may be same as the material of the organic thin film, or may
be same as the matenal of the second inorganic thin film.
When the material of the third protrusion structure 1s same
as the matenal of the second inorganic thin film, it can play
a role of blocking the invasion of water and oxygen by the
second inorganic thin film. Therefore, there 1s no need to
design the thickness of the second norganic thin film to be
too thick, which may reduce the thickness of the second
inorganic thin film, thereby solving the problem that the
second 1norganic thin film 1s prone to film cracking due to
its large thickness during bending.

Optionally, the third protrusion structure 1s integrated
with the organic thin film, so that the third protrusion
structure and the organic thin film can be combined more
closely, thereby increasing the tightness among the organic
thin film, the protrusion, and the second inorganic thin film.

Specifically, the display element may be an OLED display
clement. Of course, the display element 1s not limited to an
OLED display element, and may also be another type of
display element, such as a quantum dot light emitting
clement.

An embodiment of the present disclosure also provides a
method for packaging a flexible display panel including:
alternately depositing an 1norganic thin film and an organic
thin film on a display element arranged on a tlexible sub-
strate to form a packaging layer covering the display ele-
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ment, and forming two protrusion structures that are
engaged with each other between at least two adjacent thin
films of the packaging layer.

The alternately depositing the inorganic thin film and the
organic thin film includes: sequentially depositing a first
inorganic thin film, depositing an organic thin film, and
depositing a second 1norganic thin film.

The forming two protrusion structures that are engaged
with each other between at least two adjacent thin films of
the packaging layer further includes: depositing a first
protrusion structure on the first inorganic thin film.

The depositing the first inorganic thin film 1ncludes:
depositing a first inorganic thin film integrated with the first
protrusion structure on the display element arranged on the
flexible substrate.

The forming two protrusion structures that are engaged
with each other between at least two adjacent thin films of
the packaging layer further includes: depositing a third
protrusion structure on the organic thin film.

The depositing the organic thin film includes: depositing
an organic thin film integrated with the third protrusion
structure on the first inorganic thin film.

The tlexible display panel of the present disclosure will be
turther described 1n detail below in conjunction with the
accompanying drawings and specific embodiments.

As shown 1n FIGS. 1 to 3, the flexible display panel of the
present disclosure includes a flexible substrate 6, a display
clement 7 arranged on the flexible substrate 6, and a pack-
aging layer covering the display element 7. The packaging
layer includes a first inorganic thin film 1, an organic thin
film 3, and a second inorganic thin film 5 that are stacked
sequentially. The first inorganic thin film 1 1s provided with
a lirst protrusion structure 2, the organic thin film 3 1is
provided with a second protrusion structure 2' and the third
protrusion structure 4, and the second norganic thin film 35
1s provided with a fourth protrusion structure 4'.

Specifically, when a flexible display panel 1s prepared, an
inorganic material layer 1s deposited on the flexible substrate
6 on which the display element 7 1s formed, and the
inorganic material may be silicon nitride or silicon oxide.
After a photoresist 1s coated on the 1norganic material layer
and the photoresist 1s exposed and developed by using a
mask, a photoresist reserved region and a photoresist
removed region are formed. The morganic matenial layer in
the photoresist removed region 1s etched to remove a part of
the inorganic material layer in the photoresist removed
region, thereby forming an integrated structure of the first
inorganic thin film 1 and the first protrusion structure 2, 1n
which the first protrusion structure 2 corresponds to the
photoresist reserved region.

Optionally, an organic material layer 1s deposited on the
flexible substrate 6 on which the first inorganic thin film 1
and the first protrusion structure 2 are formed, and the
organic material may be a light-sensitive material. After the
organic material layer 1s exposed and developed by using a
mask, an organic thin film 3 and a third protrusion structure
4 are formed 1n an integrated structure, in which the third
protrusion structure 4 corresponds to the opaque region of
the mask.

Thereafter, an 1norganic material layer 1s deposited as the
second 1norganic thin film 5 on the flexible substrate 6 on
which the organic thin film 3 and the third protrusion
structure 4 are formed, and the 1norganic material may be
s1licon nitride or silicon oxide.

In this embodiment, two protrusion structures are
arranged between two adjacent thin films of the packaging
layer, and the two protrusion structures are capable of
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increasing the bite force between two adjacent thin films, so
that the tightness between the two adjacent thin films
increases. This arrangement solves the problem that the
inorganic thin film and the organic thin film are prone to film
separation during bending, which 1s capable of improving
the packaging eflect of the flexible display panel, effectively
blocking the invasion of water and oxygen, and increasing
the service life of the flexible display panel.

An embodiment of the present disclosure also provides a
display device including the flexible display panel as
described above. The display device may be any product or
component having a display function, such as a television, a
display, a digital photo frame, a mobile phone, a tablet
computer, etc., in which the display device further includes
a flexible circuit board, a printed circuit board, and a
backplane.

As shown 1n FIGS. 4 and 5, a method for packaging a
flexible display panel includes: alternately depositing an
inorganic thin film and an organic thin film on a display
clement arranged on a flexible substrate to form a packaging
layer covering the display element; and forming two pro-
trusion structures that are engaged with each other between
at least two adjacent thin films of the packaging layer.

The alternately depositing the 1norganic thin film and the
organic thin film includes: sequentially S1 depositing a first
inorganic thin film, S2 depositing an organic thin film, and
S3 depositing a second norganic thin film.

S1 depositing the first inorganic thin film includes: S11
depositing a {first inorganic thin film on a display element
arranged on a flexible substrate, and then depositing a first
protrusion structure on the first mnorganic thin film; or S12
depositing a first inorganic thin film integrated with the first

protrusion structure on the display element arranged on the
flexible substrate.

S2 depositing the organic thin film includes: S21 depos-
iting an organic thin film on the first inorganic thin film, and
then depositing a third protrusion structure on the organic
thin film; or S22 depositing an organic thin film integrated
with the third protrusion structure on the first inorganic thin.

Unless otherwise defined, technical terms or scientific
terms used herein have the normal meaning commonly
understood by one skilled 1n the art 1n the field of the present
disclosure. The words “first”, “second”, and the like used 1n
the present disclosure do not denote any order, quantity, or
importance, but rather merely serve to distinguish different
components. The “including”, “comprising”’, or the like used
in the present disclosure means that the element or item
appeared 1n front of the word encompasses the element or
item and their equivalents listed after the word, and does
exclude other elements or 1items. The word “connected” or
“connecting” or the like are not limited to physical or
mechanical connections, but may include electrical connec-
tions, whether direct or indirect. “On”, “under”, “left”,
“right” and the like are only used to represent relative
positional relationships, and when the absolute position of
the described object 1s changed, the relative positional
relationship may also be changed, accordingly.

It will be understood that when an element, such as a
layer, film, region, or substrate, 1s referred to as being “on”
or “under” another element, the element may be directly
“on” or “under” another element, or there may be an
intermediate element.

It can be understood that the expression “two protrusion
structures that are engaged with each other” means that the
protrusions in the two protrusion structures are arranged

alternately 1n a straight line 1n a zipper manner.




US 11,444,263 B2

7

The above description are preferred embodiments of the
present disclosure. It should be noted that one skilled in the
art would make several improvements and substitutions
without departing from the principles of the present disclo-
sure. These improvements and modifications should also be
regarded as the protection scope of the present disclosure.

What 1s claimed 1s:

1. A flexible display panel, comprising;:

a flexible substrate;

a display element arranged on the flexible substrate; and

a packaging layer covering the display element, the pack-

aging layer comprising an inorganic thin film and an
organic thin film that are stacked alternately, and com-
prising a {irst inorganic thin {ilm, an organic thin film,
and a second inorganic thin film that are stacked
sequentially,

wherein two protrusion structures that are engaged with

cach other are arranged between at least two adjacent
thin films of the packaging layer, and a longitudinal
section of each protrusion perpendicular to the flexible
substrate 1s a semi-ellipse or a semi-circle,

wherein a first protrusion structure and a second protru-

ston structure that are engaged with each other are
arranged between the first morganic thin film and the
organic thin film, and the first protrusion structure and
the first mnorganic thin film are of an integrated struc-
ture,

wherein a third protrusion structure and a fourth protru-

ston structure that are engaged with each other are
arranged between the organic thin film and the second
inorganic thin film, and the third protrusion structure
and the organic thin film are of an 1ntegrated structure.

2. The flexible display panel of claam 1, wherein the
protrusion structure comprises a plurality of protrusions
arranged 1n an array.

3. A display device, comprising the flexible display panel
of claim 1.

4. The display device of claim 3, wherein the protrusion
structure comprises a plurality of protrusions arranged 1n an
array.

5. A method for packaging a flexible display panel,
wherein the flexible display panel comprises:

a flexible substrate:

a display element arranged on the flexible substrate; and
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a packaging layer covering the display element, the pack-
aging layer comprising an iorganic thin film and an
organic thin film that are stacked alternately, and com-
prising a {irst inorganic thin {ilm, an organic thin film,
and a second inorganic thin film that are stacked

sequentially,

wherein two protrusion structures that are engaged with
cach other are arranged between at least two adjacent
thin films of the packaging layer, and a longitudinal
section of each protrusion perpendicular to the tlexible
substrate 1s a semi-ellipse or a semi-circle,

wherein a first protrusion structure and a second protru-

sion structure that are engaged with each other are
arranged between the first mnorganic thin film and the
organic thin film, and the first protrusion structure and
the first morganic thin film are of an integrated struc-
ture,

wherein a third protrusion structure and a fourth protru-

ston structure that are engaged with each other are

arranged between the organic thin film and the second

inorganic thin film, and the third protrusion structure

and the organic thin film are of an integrated structure,
the method comprising;:

alternately depositing an 1norganic thin film and an

organic thin {ilm on a display element arranged on a
flexible substrate to form a packaging layer covering
the display element; and

forming two protrusion structures that are engaged with

cach other between at least two adjacent thin films of
the packaging layer.

6. The method of claim 5, wherein the alternately depos-
iting the inorganic thin film and the organic thin film
comprises: sequentially depositing a first inorganic thin film,
depositing an organic thin film, and depositing a second
inorganic thin film.

7. The method of claim 6, wherein the depositing the first
inorganic thin film comprises: depositing a first 1norganic
thin film integrated with the first protrusion structure on the
display element arranged on the flexible substrate.

8. The method of claim 6, wherein the depositing the
organic thin film comprises: depositing an organic thin film
integrated with the third protrusion structure on the first
inorganic thin film.
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